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More than 30 years ago, Mueller (1928) and Zinsser and Tang (1929) showed that Rous sarcoma and herpes viruses could be stabilized by L-cysteine. Recently, Pohjanpelto (1958 Pohjanpelto ( , 1961a Pohjanpelto ( , b, 1962 reported that the thermal inactivation of poliovirus at 50 C was greatly slowed if the virus was first treated with L-cystine for 8 to 12 hr at 37 C. She suggested that the amino acid combined with heat-sensitive sites of the virus, resulting in reduced oxidation of the virus. To support this theory, she has reported that poliovirus survived longer at 50 C when anaerobic conditions were attained by bubbling nitrogen through a suspension of virus or by heating in sodium thioglycolate. Pohjanpelto (1958) found that stabilization under nitrogen was far less effective than that by thioglycolate, even though nitrogen displacement of oxygen is a rapid method for achieving an anaerobic state, and that obtained by thioglycolate requires a minimum of 2 hr. She also found that 1% thioglycolate was required for maximal stabilization, and that 0.1% was ineffective even though smaller concentrations will produce and maintain anaerobic conditions for growth of the most fastidious bacterial anaerobes.
In conjunction with our work on mechanisms involved in stabilization of poliovirus (Wallis and Melnick, 1961) , we have carried out some experiments indicating that Pohjanpelto's recent observations cannot be explained on the basis of the anaerobic state.
MATERIALS AND METHODS
Monkey kidney (MK) cells. Kidneys from immature rhesus monkeys were trypsinized and grown in lactalbumin medium as described elsewhere (Melnick, 1955; Wallis and Melnick, 1961) .
Viruses. Virulent strains were plaque-purified lines of poliovirus type 1 (Mahoney), type 2 (MEF1), and type 3 (P24). Attenuated strains were those used in the oral poliovaccine (Sabin, 1957) . All viruses were grown in MK cells maintained in Earle's salt solution, free of cystine or cysteine.
Virus assays. Virus titrations were carried out by determination of plaque-forming units (PFU), using the bottle technique. Media for overlay consisted of Earle's salt solution, 0.4% NaHCO3, 0.1% skim milk, 0.0017% neutral red, and 1.5% Bacto agar (Difco). To expedite plaque counting, 25 mM MgCl2 was incorporated in the agar medium (Wallis and Melnick, 1962) .
Anaerobic state. The anaerobic state was tested by using the methylene blue thiocyanate reagent (MBR). Upon discoloration of methylene blue to leuco-methylene, anaerobic conditions were considered manifest. In all experiments where nitrogen (purified, less than 1 ppm oxygen) was bubbled through virus suspensions, a control tube containing methylene blue reductase reagent in corresponding medium was bubbled simultaneously. When leuco-methylene was obtained, the bubbling was terminated. Similarly, when virus in thioglycolate or cystine was used, Heating methods. Samples to be heated were delivered directly to the bottom of tubes, and the top of each tube was flamed thoroughly to sterilize at least 1 in. of the uppermost surface of the tube. All test tubes used were uniform in size and thickness, measuring 13 by 100 mm, with an 0.8-mm wall. The tube was then rubberstoppered and plunged into the water bath, at a depth sufficient to cover the tube to within 6 mm of the stopper. At the end of the heating period, the tubes were quickly transferred to an ice-water bath. Virus suspensions bubbled with nitrogen were stoppered and completely submerged in the water bath.
RESULTS AND DISCUSSION
Effects of sodium thioglycolate and other organic salts on poliovirus. To determine whether thioglycolate stabilized poliovirus specifically through its ability to reduce oxygen tension, the following experiments were performed. Type 1 (attenuated) poliovirus was diluted to contain 107 PFU/ml in distilled water, in 0.1 M NaCl, 0.2 M NaCl, and freshly prepared 0.1 M organic sodium salts (Table 1) . Samples were heated for 5 and 30 min at 50 C. The results show ( Table 1 ) that every organic salt tested stabilized poliovirus to a greater extent than controls in water or NaCl. Disodium ethylenediaminetetraacetate and sodium benzoate were capable of stabilizinig this strain to the same degree as thioglycolate.
In the above tests the salts were freshly dis- Oxygen bubbled through sample for 30 sec before heating.
conditions had been achieved. The tubes were quickly stopl)pered, submerged in a 50 C bath for la min, and then titrated. As shown in Table 3 , samples treated with nitrogen showed a somewhat greater loss of infectivity than did the controls. It is not understood why enhanced inactivation took place under nitrogen treatment. Besides the displacement of oxygen, CO2 is also removed, with the pH increasing to 8.2. However, on adjusting cointrol samples, not treated with nitrogen to the same pH, the nitrogentreated samples still were inactivated to a somewhat greater degree. This is similar to results reported by Adams (1948) , who suggested that bacterial viruses are inactivated by bubbling nitrogen due to increasing the area of the gasliquid interface.
Effect of cysteine on stabilization of poliovirus. Pohjanpelto (1958) reported that heating of poliovirus at 50 C in 50 ,ug/ml of L-cystine or L-cysteine, without pretreatment of the viruscystine mixture at 37 C for 6 to 12 hr, afforded no sparing effect. In our hands, this concentration was not capable of reducing the concentration of methylene blue used, even after 48 hr of incubation. However, 1 mg/ml of cysteine produced anaerobic conditions within 1 to 2 min, based on MIBR.
Type 1 poliovirus was diluted to contain 10' PFU/ml in a cvsteine solution (1 mg/ml). The virus-cvsteine mixture was divided into two samples; one was immediately stoppered and the other remained olen. The open sample was then bubbled with oxygen for 30 see, and all samples to be heated were placed at 50 C. A sample of the same concentration of virus in control medium, without cysteine, was also heated. Controls containing MBR in the same concentrations of cysteine were also placed at 50 C. The _MBR control containing cysteine in a stoppered tube quickly turned colorless and remained so. The MBR control in cysteine oxygenated for 30 sec remained blue for the duiration of the heating period (Table 4) . There was no difference in the rate of inactivation of samples heated in cysteine (anaerobic), eysteine (aerobic) or the control in PBS.
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